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Gliadin proteins are present in most of wheat food products and are important in food industry and human nutrition all over the world. As gluten components they influence the baking quality of wheat flour. On the other hand, they are alergenic proteins causing IgE mediated alergies. Gliadins are monomeric wheat storage proteins which play a key role in celiac disease pathogenesis. Their structure and amino acid composition constitute the chemical basis of gliadin-induced toxicity. Similarly to other prolamin group proteins, gliadins are rich in glutamine (around 40% content) and proline (around 14% content) (Tatham & Shewry 1985; Dewar et al. 2004) . They are one of the most complex and polymorphic protein groups in the plant kingdom. Gliadins of a single wheat genotype are composed of hundreds of polypeptides controlled by six complex loci on chromosomes belonging to the 1 st and 6 th homology groups (1A, 1B, 1D, 6A, 6B, and 6D) of the hexaploid wheat genome (Triticum aestivum L.) (Payne 1987; Waga et al. 2011) . Particular loci comprise from several to several hundred closely linked genes which are inherited as clusters. Non-lethal mutations during wheat evolution differentiated the clustered genes into numerous allelic variants grouped into multiple gene families. Based on their mobility in acidic polyacrylamide gel electrophoresis (A-PAGE), gliadins are divided into a-, β-, γ-, and ω-classes (Tatham & Shewry 1985) . Polypeptides belonging to one class are usually controlled by genes located on two or more chromosomes.
In both analytical and preparative applications, A-PAGE is the basic method of gliadin identification. Based on A-PAGE results, the gliadin complex extracted from one wheat genotype may be separated into dozens of protein fractions (Waga & Zientarski 2007; Waga et al. 2011) . Proteomic analysis, developed in the last two decades, greatly contributed to the identification of gliadins and research into gliadin activity in celiac disease. The most important tool in proteomics is two dimensional electrophoresis (2-DE) which combines isoelectric focusing (IEF) and sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) (Carbonaro 2004; Görg et al. 2004; Dziuba et al. 2007 Dziuba et al. , 2009 Nałęcz et al. 2009; Rabilloud et al. 2009 ). The 2-DE method supports effective separation of hundreds to thousands proteins per analysis. Despite the advancements in proteomic and genomic technologies, the identification and analysis of gliadins continues to pose a problem due to their complex structure and extensive polymorphism (Mamone et al. 2005; Ferranti et al. 2007; Pompa et al. 2013) . The results of A-PAGE have demonstrated that cv. Sukces, a Polish winter wheat cultivar, contains a combination of protein bands characteristic of a/A-gliadins.
The objective of this study was to isolate, identify and characterise the gliadin fractions of the wheat cv. Sukces which is one of the most important wheat cultivars in Poland of high bread-making quality. The classic, basic method of gliadin identification, A-PAGE, was combined with two dimentional electrophoresis (2-DE) to increase the effectiveness of the analysis.
MATERIAL AND METHODS

Material.
Kernel samples of Polish winter wheat cv. Sukces harvested in eastern Poland were analysed in this study.
Chemical reagents for A-PAGE (acrylamide, N,N'-methylenebisacrylamide, aluminum lactate and lactic acid), and staining reagents (Coomassie Brilliant Blue R-250 and G-250) were supplied by Sigma-Aldrich (Munich, Germany). The reagents for 2-DE, including ethanol, methanol, acetic acid, and 85% o-phosphoric acid were purchased from Polish Chemical Reagents (Gliwice, Poland). Roti ® -Blue staining solution (5× concentrated Colloidal Coomassie G-250) was supplied by Carl Roth (Karlsruhe, Germany). The other reagents used were purchased from SigmaAldrich (Munich, Germany). Gliadins extraction. Gliadins for A-PAGE were extracted stepwise from flour samples prepared from wheat cv. Sukces. Albumins and globulins were discarded using 0.15M NaCl for 2 hours. After centrifugation (15 000 g, 20°C, 5 min), 70% ethanol was added to the pellets (1 : 10 w/v). The samples were gently shaken overnight and repeatedly centrifuged. The obtained ethanol extracts were condensed with sucrose in lactate aluminum buffer, pH 3.1, and electrophoresed (Bernardin et al. 1967) .
The gliadin complex for 2-DE was extracted according to the method proposed by Weiss et al. (1993) and Simpson (2004) . Ethanol supernatants containing gliadins were pooled, lyophilised, and stored at -80°C.
Protein concentration was measured in gliadin extracts as described by Bradford (1976) using the BioRad protein assay (Bio-Rad, cat. No. 500-0006) and bovine serum albumin (Bio-Rad, cat. No. 500-0007) as the protein standard.
Isolation of α/A-and β-gliadins by ultracentrifugation. 200 ml of 0.01M acetic acid was added to 50 g of wheat flour (cv. Sukces), the mixture was left for 2 h and centrifuged (10 000 g, 20°C, 30 min). The obtained supernatant was ultracentrifuged (137 000 g, 4°C, 2 h) in the Beckman apparatus. The supernatant produced by ultracentrifugation was discarded, and 5 ml of distilled water was added to the pellet for 24 hours. The suspension was centrifuged (10 000 g, 20°C, 20 min), and the resulting supernatant was mixed with acetate buffer, pH 5.1. Ultracentrifugation was repeated on the following day (130 000 g, 4°C, 2 h). The pellet containing α/A-gliadins and β-gliadins was lyophilised and stored at 4°C (Bernardin et al. 1967) .
Purification of α/A-and β-gliadins by preparative A-PAGE. Proteins isolated by ultracentrifugation were further purified by preparative A-PAGE in aluminum lactate buffer, pH 3.1. Each separation was performed in the Model 491 PrepCell (BioRad, Raleigh, USA). A preparative column (diameter 37 mm, height 100 mm) was filled with polyacrylamide gel with total monomer (T) concentration of 8% (w/v) and crosslinker (C) concentration of 3.61% (w/v). The strongly exothermic polymerisation reaction required intensive column cooling during the gel preparation. For the separation, 6 ml of the mixture containing the gliadin extract and saturated sucrose solution in lactate aluminum buffer was applied on the gel surface. Each separations was performed at constant voltage (U = 500 V) and current (I = 50 mA). Sixty aliquots of 7 ml containing gliadin fractions were collected beginning 5 h after the start of electrophoresis using pH 3.1 aluminum lactate buffer as eluent. The separation was completed 12 h after the onset of fraction collection (Bernardin et al. 1967; Waga & Zientarski 2007; Waga et al. 2011) .
2-D electrophoresis of gliadin proteins and their α/A-and β-fractions. Two dimensional electrophoresis (2-DE) was used to analyse both extracted complex of gliadin proteins and α/A-and symbol β-gliadin fractions purified by preparative A-PAGE (Görg 2004; Dziuba et al. 2009 ).
Image analysis. Destained gels were processed in the Image Master 2-D Platinum 6.0 computer program (GE Healthcare, Upsala, Sweden) with the use of the Melanie algorithm (Sanchez et al. 1995) . Isoelectric points, molecular weights, and spot volumes of all separated proteins were calculated. Each sample was separated by 2-DE in three replications, and all of them were analysed digitally.
Statistical analysis. The average value and standard error of the mean (SEM) were calculated for individual isoelectric points, molecular weights, and spot volumes. The statistical significance of differences between isoelectric point (pI), molecular weight (MW), and spot volume of the selected, characteristic total gliadin and α/A-gliadin spots was estimated by Student's t-test. Statistical analysis was performed using Statistica 10.0 PL software (StatSoft, Tulsa, USA).
RESULTS AND DISCUSSION
Gliadins from the wheat cv. Sukces were separated by 2-DE into 82 spots (pI 3.2-9.6; MW 24.3-68.4 kDa). Only 20 of 82 spots were identified as typical gliadins with characteristic protein isoelectric points (6.75-8.24) and molecular weights (31.41-40.51 kDa) (Figure 1 ). The region of the 2-DE polypeptide map which was most likely to contain α/A-and β-gliadins (pI 6-9 and MW 21-40 kDa) was determined based on the results of our previous study where gliadins were characterised by RP-HPLC ) and 2-DE (Konopka et al. 2007 ). Table 1 . Proteomic characteristics of selected a/A- (Figure 2b ) and b-gliadins (Figure 2c) Gliadins from winter wheat cv. Sukces were separated by A-PAGE into 24 electrophoretic bands corresponding to individual gliadin fractions (Figure 2a ). Fractions A, B, and C belong to the group of ω-1.2 gliadins, fractions D-G were classified as ω-5 gliadins, fractions H-N as γ-gliadins, fractions O-R as β-gliadins, and fractions S-X as α-gliadins. The electrophoretic pattern of α-gliadins is characteristic of A-gliadins which are highly aggregable proteins controlled by genes located on short arm of chromosome 6A in Gli A2 locus. In the analysed cultivar, they are represented by electrophoretic bands T, U, and V.
The gliadin protein complex was separated into several α-, β-, γ-, and ω-gliadin fractions using preparative A-PAGE. The fractions containing individual purified α-and β-gliadins were further analysed by 2-DE (Figures 2b and 2c) .
Despite different electrophoretic mobilities, α-and β-gliadins have similar protein structures and are often classified into a single group of α/β-gliadins. Similarly to other gluten proteins, they contain mainly glutamine and proline residues and both repetitive and specific sequence regions. a/β-Gliadins contain around 100 amino acids in repetitive N-terminal sequences and around 200 amino acids in specific C-terminal sequences of polypeptides. N-terminal sequences of α/β-gliadins contain 5 amino acid residues, while C-terminal sequences are not clearly separated from the specific region. α/β-Gliadins are sulfur-rich proteins containing six cysteines in a specific region. Cysteines in α/β-polypeptides form intramolecular disulfide (SS) bonds which influence protein folding and produce protein structures which are more compact than in other gluten protein groups. The most typical repetitive sequences in the repetitive region are heptapeptide PQPQPFP and pentapeptide PQQPY (Ferranti et al. 2007) .
Forty protein spots located between pI 5.91 and 9.61 and MW between 24.4 kDa and 75.9 kDa were identified in 2-DE image of the selected α/A-gliadins (Figure 2b ). The comparison of 2-DE electropherograms of isolated α/A-gliadins (Figure 2b ) and the gliadin complex (Figure 1 ) of wheat cv. Sukces revealed 14 spots with statistically significant identity. They were located in the pI range of 6.8-8.4 and the MW range of 31.26-39.45 kDa. The volumes of the individual spots were calculated as the percentage of total spot volume ( Table 1) .
The β-gliadin fraction (Figure 2c ) isolated by preparative A-PAGE was divided into 15 protein spots. Seven of the 15 identified spots were classified as typical β-gliadins (Table 1) . They were located in the pI range of 6.93-9.85 and in the MW range of 33.35-38.49 kDa.
Two α/A-gliadin spots (pI 6.98, MW 35.60 kDa and pI 7.27, MW 35.56 kDa) were also present in the group of isolated β-gliadins (Figures 2b-c, Table 1 ). Twelve protein spots of gliadins from wheat cv. Sukces were identified as α/A-gliadins (Table 2 ) based on the results of the analysis performed.
The identification and analysis of gliadins continue to pose a problem due to their complex structure and extensive polymorphism. Individual gliadins differ in isoelectric points, molecular weights, and amino acid sequences which further complicates the analytical efforts (Waga et al. 2011) . In this study, gliadins from wheat cv. Sukces were separated by 2-DE into 82 spots. Only 20 gliadin spots were identified as typical gliadins with characteristic isoelectric points and molecular weights. Preparative A-PAGE combined with the 2-DE method supported the identification of the analysed gliadin fractions. 12 spots were identified as typical α/A-gliadins out of 40 and 7 as typical β-gliadins out of 15 separated by 2-DE. 
